The Var turbidite system is a small sandy system located in the Ligurian Basin (Mediterranean Sea). It is active during present sea-level highstand and shows four types of sediment transfer processes: (1) low-density turbidity surges generated by small-scale failures (2) low-magnitude, high-frequency (yearly) hyperpycnal turbid plumes, (3) high-magnitude, less-frequent, hyperpycnal currents and (4) high-magnitude flows generated by large slope failures. These processes have different imprints on the morphology of the system. Inversely, the topography plays a role on the behaviour of these flows. The depositional and erosional architecture of the system has been investigated in detail on the basis of SAR imagery and a set of cores using an interface corer collected repetitively from a dense group of sites. The inner terraces located in the upper part of the turbidite system are generally depositional and thus provide a detailed record of recent sediment transfer processes. But the lower the elevation, the more terraces are affected by turbulent flow erosion. Downward, the channel-floor is a complex area where flows mainly by-pass but locally erode or deposit. The levee is dominantly depositional, but only records high-magnitude events, able to spill over. Low-magnitude, high-frequency events, such as yearly hyperpycnal currents are confined in the upper part of the system and thus have little control on system architecture. Moreover, they provide only thin deposits that can be misinterpreted in terms of involved process, and will probably be erased from the geological record. High-magnitude events have strong control on the system architecture as they erode the channel-floor and participate in the construction of the Var Sedimentary Ridge.
Introduction 39 40
Research on modern turbidite systems contributes to improve our knowledge of the sedimentary 41 processes involved in sediment transfers from the continent to the deep seas (Piper and Normark, 42 2001) . Understanding the spatial and temporal behavior of submarine sediment-laden gravity flows 43 is of primary interest as it will directly control the architecture of deep-sea sedimentary systems and 44 the distribution of sediment. Changes in slope gradient have a major influence on sediment 45 deposition (Pickering et al., 1989) , by controlling the non-uniformity of gravity flows or by 46 confining them (Kneller & Buckee, 2000) . Local topographic changes generate local flow structures 47 that affect the rates of transport, erosion and deposition, leading to diverse depositional signatures. 48
Moreover, great attention should be paid to the relation between the present activity of processes and 49 their preservation in the geological record. The alteration and preservation of sedimentary records, 50 especially single-event layers, remains a key question for the understanding of deep-sea turbidite 51 system construction and evolution. Investigations on marine sediments are limited because processes 52 acting in a deep-sea turbidite system can be misinterpreted when based on sparse samples. To 53 overcome this problem, repetitive and accurate coring with good spatial resolution is needed to 54 understand the spatial and temporal evolution of sediment transfer processes from the continent to 55 the deep sea. 56
The Var Canyon (Western Mediterranean Sea) records significant sediment transport during the 57 present sea level highstand . Earlier investigation provided evidences of 58 sediment gravity flows related to floods of the Var River (Gennesseaux et al., 1971; Mulder et al., 59 2001a; Khripounoff et al., in press.), small-sized turbulent surges 
Geological setting 76 77
The Var turbidite system is located in the Ligurian Sea off France (Fig. 1) . The morphology of the 78 continental slope results from the complex interactions between tectonic heritage, Messinian 79 paleomorphology and sedimentary processes during the Quaternary (Mauffret et al., 1973) . The 80 continental shelf is very narrow (2-3 km) or even absent offshore the Var River mouth (Fig. 2) . The 81 steep continental slope has an average gradient of 13° but values ranging up to 20°-30° are common 82 . Slopes greater than 30° are found on the sides of the canyon (Mulder et al., 83 1996) . seafloor decreases eastward from 400 m to less than 30 m. In the eastern part of the Ridge, the 104 boundary between the levee and the valley is gradual whereas upstream, steep walls separate the 105 levee from the valley . 106 -The Lower Valley extends over 100 km to the southeast. Its slope decreases from 0.3° to 0.1°. It 107 feeds the distal sandy lobe complex, at 2700 m water depth (Bonnel, 2005) . 108
109
The floor of the Canyon to the Middle Valley is covered with gravel waves with a few metres in 110 amplitude and 30 to 40 m in wavelengths (Malinverno et al., 1988) . In the canyon, gravel waves are 111 partially covered by a thin Quaternary mud layer (Klaucke et al., 2000) . In the lower course of the 112 valley, they are covered by Quaternary sediments but are exhumed at the base of large scours (Piper 113 and . In the Var Sedimentary Ridge, a field of sediment waves partly covers the Ridge, 114 from 2000 to 2600 m depth (Gennesseaux et al., 1985; Migeon et al., 2000) . Levee deposits are 115 composed of sandy to muddy turbidites (Foucault et al., 1986; Migeon et al., 2000) . 
Oceanographic setting 127 128
The major regional hydrodynamical feature in the Liguro-Provencal Basin is the Northern Current 129 (Millot, 1991) , a well-defined cyclonic circulation, approximatively 50 km-wide, mainly flowing 130 anticlockwise along the coast (Millot, 1987) . Its activity and structure change markedly seasonally. 131
In summer, i.e. from June to November, the Northern Current is relatively wide and shallow and 132 displays reduced mesoscale variability. In winter, i.e. from December to May, it becomes thicker and 133 narrower and it tends to flow closer to the slope. Moreover, it commonly displays meanders with 134 wavelengths ranging from tens to a hundred kilometres (Taupier- Letage and Millot, 1985) . These 135 meanders have phase speeds of 10-20 km/day (Millot, 1999) . Moreover, in autumn, these meanders 136 fluctuate every 3-6 days, inducing a residual flow with a direction perpendicular to the coast 137 (Sammari et al., 1995 River is subjected to flash floods, related to snow melting, in the spring and to storms in autumn 146 (Sage, 1976) . During exceptional floods the water discharge can be up to a hundred times higher 147 than the annual mean. For example, in September 1994, the maximum discharge reached 3770 m 3 /s. 148
The estimated sediment discharge at the mouth of the river ranges between 1.3 and 1.6x10 6 t yr -1 but 149 may be larger if suspended concentration related to floods occurring after a dry period is taken into 150 account (Mulder et al., 1997b) . Furthermore, these values do not include the bedload transport. 1980; Dan et al., 2007) . This event generated an ignitive high-density current, which lasted more 166 than 24 hours ). Small-scale mass-wasting are described as shallow failures, 167 usually retrogressive and generally restricted to the uppermost layers of slope sediments, up to 10 m 168 (Migeon et al. 2005) . They are inferred to be triggered by the excess pore pressure created by the fast 169 accumulation of sediment during floods gives an average accumulation rate for the past 100 years, while 137 Cs is applicable for the last 45 206 years, corresponding to its first appearance in the atmosphere due to anthropogenic activities. 207
Radioisotope measurements were made using a semi-planar germanium detector (EGSP 2200-25-R, 208 EURYSIS Measures) (Schmidt et al., 2007 
Sedimentary and morphological features 228 229
In the Var Canyon, a terrace (A) is located on the left side of the straight part of the canyon ( The sedimentary facies are grouped into five sequences (Fig. 8) . Note that "sequence" is used 343 throughout in the sense of an "event sequence". The relative abundance of sequences, summarized in 344 Table 1 for each studied area, is illustrated by the most representative core in Fig. 9 . One sequence 4a has been observed in each core of sub-terraces C.
-Sequence IVb consists from the base to the top of the superposition of facies 7, facies 5 (5a and/or 369 5b) and facies 6. Contact between facies 7 and facies 5 is sharp or gradual. Sequences IVb are mostly 370 found on cores from the levee and terraces C. 371
372
Sequence V consists from the base to the top of the superposition of facies 8, facies 5b and/or facies 373 6. This sequence can be observed on each studied area, but is mostly found on cores from the sub-374 terraces C. 375 376
Radioisotope measures and chronological framework 377
378 210 Pb ex activity measured in sediments ranges from 100 to 450 mBq/g at the surface (Fig. 10) . through the last century and thus, sequence II is interpreted as the deposit of a slump-generated high-436 density turbidity current. 437
438
In sequence III, the presence of a sharp to erosive contact at the base, associated with a normal 439 grading from sandy-silt to silty-mud and with laminations suggests a deposition by a turbulent 440 waning flow (Kneller, 1995) . Thus, sequence III can correspond to Td-e units of the Bouma 441 sequence (Bouma, 1962) . The lack of bedforms such as cross laminations may be indicative of shortduration events (Mulder and Alexander, 2001 ). In the Var turbidite system, fine-grained normally 443 graded deposits are known to have two kinds of origin coarsening-upward unit cannot be induced by a laminar regime and indicates that traction acts 454 simultaneously to progressive particle settling (Mulder and Alexander, 2001 ).This characteristic 455 indicates a turbulent regime and suggests a deposition from a depletive waxing flow (Kneller, 1995) . 456
The upper layer, normally graded and associated with sedimentary structures such as laminations 457 suggests a deposition resulting from a turbulent waning flow (Kneller, 1995) . The entire sequence is 458 thus interpreted as a complete hyperpycnite . When the intra-sequence contact 459 is sharp to erosive (sequence IVa) it indicates that the velocity reached during the flood peak is high 460 enough to prevent deposition or to erode . Furthermore, in sequence IVa, the 461 upper normally-graded unit is composed of a graded sand layer showing sedimentary structures such 462 as ripple-cross laminations passing-up to laminated silt and to fine sediment (Tc-e units of the 463 Bouma sequence). The development of such sedimentary structure indicates a relatively long-464 duration flow (Mulder and Alexander, 2001 ). These characteristics indicate that sequence IVa is 465 deposited by a hyperpycnal flow generated by a high-magnitude flood . When 466 the intra-sequence contact is gradual to sharp (sequence IVb) it indicates that the velocity reached 467 during the flood peak is not capable to erode. Moreover, sequence IVb is fine and thin, and thus, isinferred to be deposited by a hyperpycnal current generated by a low-magnitude flood (Mulder et Sedimentation is localized on isolated patches (Fig. 6 ) and mainly corresponds to coarse sandy 500 sequences (type II and IVa) of a few to ten centimetres thick (see VB-08 in Fig. 9 ). No correlation 501 between cores can be established, even between those distant of less than 100 metres. There is no 502 evidence that the flows follow preferentially one of the three channels inside the Valley. 503
(2) The western part of the Var Sedimentary Ridge is a depositional area. This part of the levee is 504 elevated around 280 metres and its surface is smooth (Fig. 7) . The thin and fine-grained deposits, (1998) suggested that slump-generated turbidity flows hardly spill over this part of the Var 511
Sedimentary Ridge, because they are generally not thick enough to reach the top of the levee. 512
Furthermore, the occurrence of high-magnitude slump-generated turbidity flows is weak, with one 513 event every 100 to 1000 years . Thus, at the scale of the last century, we suggest 514 that most of the deposits found in this part of the levee, including sequence III could result from 515 high-magnitude hyperpycnal currents. There are no erosional structures in sediments deposited 516 through the last century. This indicates that during this period this part of the Var Sedimentary Ridge 517 underwent accumulation only. With an average number of 6 sequences deposited through the last 518 century and an accumulation rate of 1.3 to 2 mm yr -1 (Table 1) , spillover deposits occurred at an 519 average rate of 1 event every 15 year. The morphology of the Var Sedimentary Ridge shows 520 numerous slide scars on the inner flank and on the crest, indicative of mass wasting. Moreover, a 521 deposit which could result from the deposition by a concentrated density flow (sequence I) is also 522 found in one core sampled on the crest (core VC-04, Fig. 9 ). However, this part of the levee is too 523 high to record the basal laminar part of a concentrated density flow coming from the channel floor 524 (Migeon, 2000) . Consequently, this sequence is interpreted as the longitudinal evolution of a mass 525 wasting ) triggered on the levee crest. This kind of process can lead to a 526 significant erosion of the levee. However, in our sediment cores there is only one evidence of 527 deposits related to mass wasting. It suggests that this process has a low frequency at centennial scale 528 and confirms that at this time-scale, depositional processes dominate on the Var Sedimentary Ridge. 529 (3) The dominant sedimentary processes on the inner terraces depend on the elevation above the 530 canyon and channel floor. Terrace C is mainly a depositional area. Its surface, lying between 50 and 531 100 metres above the channel floor, is characterized by a smooth surface with few erosional scars. 532
Sediments are mostly composed of numerous silt to fine sand sequences (type III, IVb and V, see 533 Table 1 ). All the deposits indicate an occurrence of 1 event every 1.5 years with accumulation rates 534 of 16 mm yr -1 over the last 50 years (Table 1) (Table 1) . These 541 relatively low sediment accumulation rates and the erosional features on the sea floor and at the base 542 of sequences show that depositional processes are counterbalanced in these areas by erosional 543 processes. Nevertheless, at the scale of the last century, the inner terraces appear to be more 544 accumulative than the levee (Table 1) . 545
5.2.2.
Influence of morphology at the scale of the terrace C 546 547 Recent sedimentary processes on terrace C (Upper Valley) are dominantly depositional. The spatial 548 continuity of sedimentary sequences allows a core to core correlation along the terrace, and thus to 549 discuss the influence of the local morphology on the facies at the scale of a few metres to several 550 kilometres (Fig. 12) . Core sites, in sub-terraces C2, C3 and C4 (see Fig.5 not recorded all over the terrace. In this proximal part of the turbidity system, these sequences are 556 probably related to low-concentration, short-duration and small-sized flows (Stow and Bowen, 557 1980), which probably do not fill the whole channel. The lack of continuity of the thin sequences 558 along the terrace and the discrepancies of their thickness may be related to the variability in the 559 overspill of turbulent billows on the upper part of the flow. However, the absence of some thin 560 sequences may also result from obliteration, by bioturbation or bottom current resuspension 561 (Wheatcroft and Drake, 2003) . 562
Thin sequences of type III, IVb and V are less frequent in sub-terrace C4 (core IENV2-16, see Fig.  563 12), where the elevation on terrace C is the lowest. From this location, the slope of the canyon floor 564 decreases rapidly and the canyon widens. The very likely resulting decrease in velocity of flows may 565 enhance deposition of sediment upstream of the core site. On the other hand, because of the lower 566 elevation of sub-terrace C4 compared to others sub-terraces C1 C2 and C3, deposits could also been 567 more easily eroded by the basal part of the flows. 568
The identification of sedimentary processes is determined from the composition, grain size and 569 sedimentary structures of the deposits (Pye, 1994) . However, based on cores correlation, the 570 identification of given sequences at different locations outline that a given flow can produce different 571 signatures (patterns) in sedimentological archives. For example, the five sequences highlighted in the 572 grey frame on Figure 12 are clearly interpreted in one core as low-magnitude hyperpycnites 573 (sequence IVb), based on the presence of the coarsening-up unit at their base . 574
In others cores, the coarsening-up unit is not present and these deposits might be interpreted as a 575 surge-like turbidites (sequence III), or as fall-out deposition by turbidity flow tails (sequence V). The 576 absence of the coarsening-up unit shows that the local morphology including a steepening slope, 577 canyon narrowing or morphological obstacles, even at a metric scale, modify the flow dynamics 578 (Kneller, 1995) . However, using our dataset, no trend in the deposition of the coarsening-up unit can 579 be determined. Furthermore, there is no preferential site for recording of an entire hyperpycnal 580
sequence. This means that the lack of this unit cannot be related to change in seafloor morphology 581 influencing flow hydrodynamics. It suggests that (i) terrace surface floor is regularly re-shaped by 582 the successive flows or that (ii) the different sedimentological patterns encountered at this scale for a 583 single event are the result of the internal variability of the flow. 5.1). In terrace C, the correlation between cores indicates that sequence I found in IENV2-15 is 596 related to a sequence II in IENV2-16 (Fig.12) . This suggests that between the two areas the 597 concentrated flow has transformed into a high-density turbidity current. This transformation can be 598 related to the decrease of slope, at the continental slope-rise transition below the terrace C4 (Fig. 2)  599 and to a subsequent hydraulic jump undergone by the flow. High-magnitude flows have a great 600 impact on the morphology of the turbidite system. In terms of erosion, in the canyon and in the 601
Upper Valley, they probably contribute to form the erosionnal features such as giant scours observed 602 on the channel floor (Klaucke et al., 2000) and the low-elevated terraces A and B (Fig. 3 and 4) . On 603 the channel floor of the Middle Valley, the presence of a complex pattern of erosional and 604 depositional bedforms observed on the SAR imagery (Fig. 6) 1998). Since these flows are carrying small amount of material and have a short duration, they are 619 mainly depositional and have a limited longitudinal and lateral extent (Mulder and Alexander, 2001) . 620
In that sense, they are most probably confined in the upper part of the turbidite system. On terrace C, 621
where the recent turbiditic activity is the best recorded we have shown that sedimentary deposits 622 during the last 50 years are corresponding dominantly (60-85% of deposits and 90% of sequences) tothin (few millimetres to centimetres thick) fine-grained sequences (III, IVa and V). They poorly 624 impact the morphology of the system because (i) they are spatially limited to the canyon and the 625
Upper Valley and adjacent terraces, and because (ii) their thin deposits are easily eroded and 626 reworked by larger gravity flows. Nevertheless, they probably subsequently erode the low-elevated 627 terraces A and B, as suggested by the poor occurrence of sequences deposited and preserved here at 628 the scale of the last century (Table 1) . 629
In the geological archive, it is very likely that the low magnitude events will be badly preserved 630 because they occur on terraces within the canyon and the valley and will probably be 
